Objectives. We sought to determine the response rate and safety of intravenous amiodarone in patients with ventricular tachyarrhythmias refractory to standard therapies.
apy for ventricular tachyarrhythmias refractory to other medications.
(J Am Coil Cardiol 1996; 27:67-75) Amiodarone is associated with a significant antiarrhythmic effect, even in patients with refractory ventricular arrhythmias (1) (2) (3) (4) (5) . Because it has a relatively slow onset of action when administered orally, maximal effect is not reached until 2 to 4 weeks after the initiation of therapy despite aggressive oral loading (6) . In contrast, intravenous administration has a rapid *Somc patients had more than one cardiac diagnosis. Data presented are mean value _+ SD or number (%) of patients. HDVT -hemodynamically destabilizing ventricular tachycardia; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association; VF -ventricular fibrillation; VT = ventricular tachycardia.
symptoms of shock. The baseline and demographic characteristics of these patients are summarized in Table 1 . There were no significant differences in any variable among dose groups at baseline. All patients had at least two episodes (mean 5.9) of hypotensive ventricular tachyarrhythmias in the 24 h before admission or were in incessant ventricular tachycardia, despite attempts at cardioversion. Cardioversion was required to terminate these events in >80% of the episodes; 15% required cardiopulmonary resuscitation; 51% resulted in loss of consciousness.
All patients included were refractory to (therapy failed, with breakthrough ventricular tachyarrhythmias) or intolerant of (limited by side effects) the standard doses of lidocaine (or oral mexiletine or tocainide), intravenous or oral procainamide and bretylium within the 72 h before blinded intravenous amiodarone administration was instituted. Patients were excluded if they were in cardiogenic shock (unrelated to their arrhythmia) or had significant hepatic dysfunction, chronic pulmonary disease, acute pulmonary edema or respiratory failure. Patients were also excluded if they had a history of torsade de pointes, congenital QT prolongation, sick sinus syndrome, sinus arrest, symptomatic bradycardia, sinoatrial block or second-degree or higher atrioventricular block (unless they had a pacemaker). All patients had systolic blood pressure >90 mm Hg (except during ventricular tachycardia or fibrillation), heart rate >50 beats/rain, QT interval <0.55 s and arterial pH >7.25.
Institutional review board approval was obtained, and all patients gave written informed consent when possible; a waiver of informed consent was obtained before the study for patients who were unable to provide consent. Study protocol. Patients were treated in areas with facilities for continuous monitoring and administration of advanced cardiac life support. Because a placebo treatment group was deemed by the investigators to be unethical, a dose-response study comparing three blinded dose regimens of intravenous amiodarone was instituted. Patients were randomly assigned to a dose regimen that delivered 525, 1,050 or 2,100 mg over 24 h. For convenience of expression, these dose regimens will be referred to subsequently as the 500-, 1,000-and 2,000-mg dose groups.
As shown in Table 2 , each patient received an initial rapid infusion over 10 rain, followed by a 6-h loading infusion and then a maintenance infusion from hours 6 to 24 of the study. Additional open-label supplemental infusions (150 mg over 10 rain) of intravenous amiodarone were permitted for the treatment of breakthrough episodes of hypotensive ventricular tachycardia or fibrillation during the loading infusion (hours 0 to 6). Breakthrough arrhythmia was defined as an episode of hypotensive ventricular tachycardia or fibrillation requiring intervention. Therapy was considered a failure in patients with hypotensive ventricular tachycardia or fibrillation after hour 6. Blinded therapy was therefore discontinued.
During double-blind intravenous amiodarone therapy, the use of other antiarrhythmic medications for treatment of ventricular arrhythmias was not permitted; other concomitant drug therapies were allowed. After discontinuation of blinded therapy, openqabel intravenous amiodarone therapy (including the additional 150-mg supplemental infusions) or other antiarrhythmic therapy could be instituted at the investigator's discretion.
Assessment of response to intravenous amiodarone. The primary end point was the proportion of patients who survived with a successful response defined as no further episodes of hemodynamically destabilizing ventricular tachycardia or ventricular fibrillation and no adverse experiences requiring discontinuation of the drug during hours 6 to 24 of the doubleblind period (Fig. 1) . Secondary analyses of response during the 24-h double-blind phase included survival during the first 24 h, successful therapy as a function of left ventricular ejection fraction and as a function of underlying cardiac disease process as well as the number of additional boluses of intravenous amiodarone given during the first 6 h. Other analyses, added post hoc after completion of enrollment, were time to first hemodynamically destabilizing ventricular tachycardia or ventricular fibrillation event and cumulative dose (total, doubleblind and supplemental doses). Other post hoc analyses included number of supplemental boluses given in the first 24 h, time to first event, proportion of patients requiring supplemental infusions and dose of supplemental infusions. Proarrhythmia, as defined by torsade de pointes or spontaneous new ventricular fibrillation, and breakthrough sustained hypotensive ventricular tachycardia/fibrillation were considered primary end points for failure of therapy. The primary and secondary end points were defined at the start of the study, whereas other analyses were added on an ad hoc basis after completion of the protocol patient entry phase. Safety assessments. Cardiac examinations were performed daily for 10 days, at week 2 and at months 1, 2 and 3. Continuous electrocardiographic (ECG) telemetry was used during intravenous amiodarone therapy. Systolic blood pressure and heart rate measurements were obtained every 15 min to hour 6, every hour during hours 6 to 24 and then every 4 h during subsequent intravenous therapy. Adverse effects were recorded throughout the study. Because of the dflticulty of determining whether recurrent intractable ventricular tachycardia or fibrillation represents a lack of response or proarrhythmia in these patients, many of whom were referred for enrollment under emergent circumstances, proarrhythmia was prospectively defined as episodes of torsade de pointes or spontaneous new-onset ventricular fibrillation (excluding ventricular tachycardia that degenerated into ventricular fibrillation). Clinical laboratory tests were evaluated at hour 24; on days 3, 5, 7 and 10; at week 2; and at months 1, 2 and 3. These tests included complete blood counts, serum chemical analyses with liver, renal, and thyroid profiles and electrolyte levels. A 12-lead ECG was recorded at hours 6, 12 and 24; on days 2, 3, 5, 7 and 10; at week 2; and at months 1, 2 and 3.
Statistical methods. Once assigned to a treatment group, patients were included in the intention-to-treat analysis. The double-blind period started at the first administration of amiodarone.
The overall response rate, the primary end point, was analyzed in patients who completed the loading infusion (hours 0 to 6). Only hypotensive ventricular tachycardia or fibrillation event data collected after the loading infusion were analyzed. Treatment was considered ineffective in patients with one or more episodes of hypotensive ventricular tachycardia or fibrillation during hours 6 to 24 or those not completing the full 24-h double-blind period. In the present analysis, treatment was not considered a failure in any patient who had recurrent arrhythmias, died or was withdrawn during the loading infusion; rather, these patients were considered ineligible for the response analysis. Treatment was also considered a failure in patients withdrawn from the trial before hour 6.
Although not protocol specified, the time to first hemodynamically destabilizing ventricular tachycardia or ventricular fibrillation event was analyzed in all patients who completed the initial infusion, regardless of whether they completed the entire 24-h double-blind period. In most cases, this time was calculated from the end of the initial infusion (minute 10). Events that occurred before the initial infusion was completed were excluded from analysis unless the event overlapped the end of the infusion; in these cases, the time to first hypotensive tachyarrhythmic event was calculated from the end of that event.
Initially, either an overall test of differences among treatment groups or a linear trend test was performed for each variable. All tests were two-tailed and performed at the 0.05 level of significance. The results of the paired comparisons were considered descriptive statistics not requiring correction for multiplicity and were displayed only for tests resulting in a strong tendency (p < 0.10).
The proportion of patients with successful response was analyzed by the chi-square test to examine differences among dose groups. In addition, a test for trend (Mantel-Haenszel chi-square statistic) was done to determine whether there was a linear dose-response relation.
The Cochran-Mantel-Haenszel procedure was used to test for an association between the dose groups and the doseresponse after adjusting for the influence of several prognostic variables. These variables included underlying cardiac disease, presenting arrhythmia and degree of left ventricular ejection fraction.
The log-rank test was used to test for trends across dose groups for the time to first hypotensive ventricular tachycardia or fibrillation event and for survival time. Hourly summaries of the product-limit (Kaplan-Meier) survival estimates were used to represent these data graphically. The log-rank test and product-limit survival estimates censored patients who withdrew before hour 24 or who completed 24 h without an event.
Analysis of variance was used to test for differences among dose groups in cumulative total dose, cumulative double-blind dose and cumulative supplemental intravenous boluses. Dose data were log(x + 1) transformed before analysis.
Results
One hundred ten (46%) of the 237 patients who completed the 6-h loading infusion survived the 6-to 24-h maintenance period without a recurrence of hypotensive ventricular tachycardia or fibrillation when intravenous amiodarone was used as a single agent. Another 29 patients (12%) responded to intravenous amiodarone in combination with another agent. A total of 36 patients (15%) were withdrawn from blinded intravenous amiodarone therapy during the first 6 h; 17 (7%) died; 14 (6%) were withdrawn due to adverse effects; and 5 (2%) were withdrawn because of intractable ventricular tachyarrhythmias. Of those patients whose arrhythmias were not controlled by intravenous amiodarone in the 6-to 24-h time frame, 14 (5%) died and 7 (3%) were withdrawn from therapy because of adverse effects. Dose-response. There was a numerical trend observed in the primary end point response rate, with increased response at higher doses (41%, 45% and 53% for the low, medium and high dose groups, respectively). However, this numerical trend did not reach statistical significance (p = 0.298). The results of this analysis are shown in Table 3 .
As with the overall response rate, there was no doseresponse in the time to first ventricular tachycardia or fibrillation event for the 24-h double-blind period. The analysis of time to first event showed that after hour 2, there was a separation between the 500-mg dose group and the two higher dose groups. This separation continued to increase and reached maximal separation by hour 12 (Fig. 2) . The overall test for a dose-related trend among the three dose groups was not statistically significant (p = 0.305). However, there was a significant dose-response in time to first event during the first 12-h period but not at 24 h (post hoc analysis) between the 500-rag and the combined 1,000-and 2,000-mg dose group (median time 4.8 h vs. >12 h, respectively, p = 0.046). These data are shown in Figure 3 and summarized in Table 3 .
A three-dimensional scatter plot of the time of next hypotensive ventricular tachycardia or fibrillation event as a function of time and cumulative dose of intravenous amiodarone (loading plus maintenance plus supplemental infusions) is shown in Figure 4 . At earlier time periods and at lower cumulative doses (near the lower right portion of the plot) there was a shorter median time of next event. Longer times to recurrence were noted during the first 12 to 16 h with higher cumulative amiodarone doses and at higher infusion rates. After that, the time of next event is largely independent of cumulative intravenous amiodarone dose or time on therapy, irrespective of dosing regimen.
The assessment by an investigator of the overall condition of the patient vis-fi-vis arrhythmia is a pertinent measure of overall response. That is, not every episode of ventricular tachycardia has the same clinical significance. The physician is subjectively able to synthesize a multitude of factors to determine the clinical significance of a breakthrough arrhythmia. The rate and frequency of the breakthrough tachycardia events and the patient's ability to tolerate the episode must be factored into the determination of clinical significance. A quantitative measure of this determination is the number of supplemental infusions given by the investigator (who had no knowledge of the patient's assigned dose regimen) to treat breakthrough episodes of ventricular tachycardia or fibrillation. The number of supplemental infusions administered during the loading period (hours 0 to 6), when investigators were free to administer these supplemental infusions without considering treatment ineffective, was analyzed (Table 4) Relation of other factors to success of intravenous amiodarone therapy. The patient's response to intravenous amiodarone might have been related to the etiology of the heart disease and left ventricular dysfunction (predefined secondary end point). However, the presence or absence of underlying cardiac disease, including coronary artery disease, cardiomyopathy or valvular disease, was not predictive of outcome. The type of presenting arrhythmia (hypotensive ventricular tachycardia, ventricular fibrillation or incessant ventricular tachycardia) or the severity of left ventricular dysfunction had no significant influence on the results of the primary efficacy end point analysis.
Safety. Amiodarone-related adverse effects occurred in 105 patients (38%). The most commonly reported events are summarized in Table 5 . The frequency of adverse effects was similar across dose groups. Hypotension, the most common adverse experience, required vasopressor therapy in 38 patients (14%) and led to death in 6 (2%). Bradycardia required temporary pacing in only two patients. The incidence of abnormal liver function tests did not increase with higher doses (2 of 88 patients at the 500-rag dose, 4 of 92 patients at the 1,000-rag dose, 3 of 93 patients at the 2,000-rag dose, p = 0.495).
Six patients (2%) developed proarrhythmia defined as new-onset ventricular fibrillation (two patients) or torsade de pointes (4 patients). Additional exacerbating factors were reported in all six patients, such as acute ischemia or electrolyte imbalances. Four of the six patients were assigned to the 500-rag dose group, one to the 1,000-mg dose group and one to the 2,000-rag dose group. Thirteen patients (5%) had a significant increase in corrected QT (QTc) intervals (>0.55 s), and 38 (14%) had QTc increases ->25% from baseline. However, increases in QTc intervals were not dose related, and no patient with an increased QTc interval experienced proarrhythmia.
Overall, congestive heart failure was reported in 48 patients (18%): It was preexisting in 39 and new onset in 9. During intravenous amiodarone administration, severe, uncompensated congestive heart failure was observed in five patients: one in the 500-mg group and two each in the 1,000-and 2,000-mg dose groups. Seventeen patients (6%) died of congestive heart failure during the 90-day study, although in only three of these patients was the heart failure of new onset.
Mortality. The entry criteria for the present study required patients to have recurrent, sustained, hypotensive ventricular tachycardia or fibrillation refractory to standard intravenous antiarrhythmic agents. Additionally, many patients were in debilitated condition, and their ventricular tachyarrhythmias were manifestations of other life-threatening, sometimes terminal, cardiac and noncardiac disease. Therefore, the mortality rate in this trial was high; 52% of patients (n = 143) died during the overall 90-day study. Table 6 shows the number of deaths by dose group and time period. Within each time 
*Analysis of variance (rank transformed). l'Chi-square statistic. H = high dose group (2,000 rag); L low dose group (500 rag); M = medium dose group (1,000 rag); pts = patients. period, the death rate did not differ significantly among the groups. Table 7 shows the most commonly reported causes of death. There were no significant differences among the dose groups in either number of deaths at any time period or in the primary causes of death.
Discussion
Overall, intravenous amiodarone use was associated with apparent antiarrhythmic response in -40% of patients meeting study entry requirements (primary end point). The present study failed to demonstrate a dose-response to intravenous amiodarone with respect to the proportion of patients who survived with a successful response, defined as no further episodes of ventricular tachycardia or fibrillation (primary end point) and no adverse drug effects during hours 6 to 24, or with respect to mortality. However, some of the objective and subjective quantitative measures of clinical response did demonstrate a statistically significant dose-response to intravenous amiodarone. One hundred ten (46%) of 237 patients who completed the 6-h loading infusion responded to intravenous amiodarone after therapy with lidocaine, procainamide and bretylium failed. This result is consistent with reports of others (6-9,11) in which 50% to 100% of patients responded to intravenous amiodarone. Our results are therefore consistent with those of others in this regard. Furthermore, to our knowledge, our results represent the largest series of patients studied in a prospective manner.
Both subjective and objective measures of response were evaluated. The subjective finding by the investigators of a positive effect of intravenous amiodarone on suppression of hypotensive sustained ventricular tachyarrhythmias was quantified by recording the number of supplemental boluses of intravenous amiodarone that a patient received (prespecified secondary end point). Patients were only to receive additional intravenous amiodarone if they had a breakthrough event; yet these boluses were not required for every breakthrough event. Rather, the boluses were given at the discretion of the investigator who had no knowledge of infusion rate and dose group. The decision was a clinical one based on the characteristics and frequency of the recurrent events, as well as on the stability of the patient's condition. Those patients in the 1,000-and 2,000-rag dose groups received significantly fewer supplemental boluses than those in the 500-rag dose group, suggesting a positive effect of the higher doses on suppression of the most clinically significant hypotensive sustained ventricular tachyarrhythmia episodes (Table 4) .
There was also a suggestion that the time to next event (post hoc analysis) was related to cumulative amiodarone dose. As shown in Figure 4 , there was both a dose-and timedependent relation suggested between intravenous amiodarone administration and time to next event. However, these data could not be analyzed statistically because of varying sampling frequency among patients. Nonetheless, it appears that with increasing dose at any time or with increasing time at any dose (Fig. 4, lower right portion) , there is an increased time to next ventricular tachycardia or fibrillation event, which was most apparent during the first 12 h.
There were trends among treatment groups in the doseresponse tendencies in the time to first ventricular tachycardia or fibrillation events. In the scatterplot of Figure 4 , relating time to next event to cumulative time and dose, most of the cumulative drug effect was observed in the first 12 h, and when the first 12 h of therapy were considered, patients receiving the 1,000-and 2,000-rag dose of intravenous amiodarone had a longer time to first event (p = 0.046) than those receiving the 500-rag dose (Fig. 3) .
The mortality rate of the present group of patients was high, as was expected. There was no relation between mortality and dose regimen of intravenous amiodarone. Because of ethical reasons, no placebo control was used, and supplemental boluses were allowed. Because more patients in the low dose group received boluses than those in the high dose group, actual differences in delivered intravenous amiodarone were smaller. In addition, the lack of a dose-response may have been the result of the very ill but heterogeneous nature of the patients studied. That is, in some patients the ventricular arrhythmia was situational rather than the result of severe end-stage cardiac disease. In these patients, control of the ventricular arrhythmia led to survival; in others, however, the arrhythmia was the final common pathway of a failing heart, and death occurred even with arrhythmia control. The study was not designed to control for these or other factors with respect to mortality analysis.
In addition, we cannot exclude the possibility that some of the deaths were due to proarrhythmia. In some cases, refractory tachyarrhythmias could have resulted from the amiodarone, whereas in others, they could have been consistent with the natural history of the patient. Thus, proarrhythmia was defined as new polymorphic ventricular tachyarrhythmias (torsade de pointes or ventricular fibrillation), but it is acknowledged that the true proarrhythmia rate may have been underestimated. This underestimation may have also contributed to the lack of dose-response in the mortality data.
There were no significant differences among treatment groups in the overall time to death. However, we do believe that intravenous amiodarone may have had a favorable effect in these patients. The patients enrolled in the present study had immediately life-threatening ventricular tachyarrhythmias that were refractory to all available drug therapies. Without successful therapy, the death rate in patients as ill as these would most likely have been much higher than the 24-h incidence of 18% found in the present study.
Study limitations. The borderline significance of the doseresponse in the time to first hypotensive ventricular tachycardia or fibrillation event for the 24-h double-blind period (p = 0.1339) may have been the result of the small sample size in the study. The sample size required to detect a statistically significant difference (p = 0.05) between the 500-and 2,000-mg dose groups can be estimated on the basis of the proportion of patients who at least completed the loading infusion and who had a successful response from the end of the loading infusion to the end of the double-blind period. Thirty-two (41%) of 78 patients in the 500-mg dose group, 36 (45%) of 80 in the 1,000-rag dose group and 42 (53%) of 79 in the 2,000-rag dose group met these criteria. Using these observations, a sample size of 367 patients would have been required to observe a difference between groups, assuming a power of 90%. Thus, our sample size of 273 patients was insufficient. If additional patients had been enrolled, the nearly significant dose-response relation noted may have reached statistical significance.
The lack of a systematic dose-response relation is also consistent with similar benefit or lack of benefit in all three groups. The trends as well as the significant findings in the secondary end points and post hoc analyses (e.g., number of boluses given and time to first event in the first 12 h) suggest that there is a dose-response to amiodarone but that the study was limited by sample size.
The present study has other limitations: 1) We were unable to perform subset analyses within different diagnostic groups (e.g., types of coronary artery disease and cardiomyopathy); and 2) the lack of a control group precludes the interpretation of findings in terms of the true efficacy or in quantification of a success rate. Nonetheless, the favorable response to the drug is strongly suggested by our data.
Summary. Intravenous amiodarone use in patients with recurrent, refractory, hypotensive ventricular tachyarrhythmias is relatively safe and may be associated with a decrease in expected mortality in these critically ill patients. Measures of drug response, as quantified by the number of supplemental intravenous amiodarone boluses given in blinded manner, did demonstrate a statistically significant dose-response relation. There was a significant dose-response relation between the 500-mg dose group and the combined 1,000-and 2,000-mg dose groups in the time to first event when the first 12 h were considered (p = 0.046). However, there was no significant dose-response relation in time to first event over 24 h or in overall mortality, perhaps because of the insufficient sample size of the study or the relative insensitivity of these end points in measuring drug effect in this critically ill cohort. Larger studies using lower doses of amiodarone will be required to further demonstrate the dose-response relation needed to prove drug efficacy.
